In an investigation into the cause of symptoms in gold-miners who have no radiological silicosis, the relationship of dyspnoea and physiological disturbances to dust exposure was examined. Forty-five subjects, aged 41 to 45 years, with normal chest radiographs and long service underground were chosen for study from the population of miners past and present. Thirty-four men only were tested, but the validity of the sample was checked by comparison with a similar group of miners reported previously. Each individual's dust exposure was estimated in "particle-hours". A detailed history, including smoking habits, was followed by a clinical examination and a battery of lung function tests in each case.
No significant relationship was found between dyspnoea and dust exposure or smoking. However, a negative correlation was observed between dust exposure and effort tests, implying that exercise capacity appeared best in those men whose dust exposure was greatest. Possible reasons for this finding are discussed.
On the other hand, dyspnoea did correlate with airway obstruction and hyperventilation on effort, indicating a physiological rather than a psychological basis for the symptoms. Further, the higher incidence of cough, sputum, and rhonchi in the more disabled subjects suggested that chronic bronchitis might be the basis of their symptoms, but the cause of the bronchitis remains to be identified. It seems that dust exposure alone was not the cause, but the findings do not exclude the possibility of its being related to the occupation of mining with stresses such as inhalation of fumes and rapid changes in temperature, humidity, and altitude.
In recent years medical men concerned with the health of miners have become increasingly aware of the poor correlation between the degree of disability of the miner and the radiological evidence of pneumoconiosis (Pemberton, 1956; Newell and Browne, 1955) . In the case of the Witwatersrand gold-miner interest has centred on those miners who are obviously disabled but whose chest radiograph shows no signs of dust disease. There appear to be three possible causes of disability (or any combination of these) in such a miner:-(1) Psychogenic factors producing exaggeration of symptoms (including malingering);
(2) Presence of other lung disease, e.g., bronchitis, bronchospasm, or emphysema; (3) Presence of dust fibrosis as yet radiologically undetectable.
Undoubtedly a small number of men fall into the first group. However, a study of the lung function of Witwatersrand gold-miners selected at random on radiological grounds left about 30 % of the subjects studied unassigned to either the normal or abnormal lung function classes (Becklake, du Preez, and Lutz, 1958) . Investigation of this ambiguous group obviously required study of the second and third possibilities listed above.
In a previous investigation comparing radiologically normal miners with railway workers (Zwi and Becklake, 1958), the incidence of bronchitis and emphysema (using the criteria of Pemberton, 1956) 290 *Present address: McGill University Clinic, Royal Victoria was found to be no different in the two groups. Consistent differences in the lung function tests of the two groups were not found, though maximum voluntary ventilation was reduced and non-elastic resistance increased in the miners.
The present study was designed to investigate the third possible cause of disability in these radiologically normal miners by studying the relation of symptoms and physiological disturbances to the duration and severity of dust exposure.
Methods
The cases required for study in the present series were thus miners of similar age with no radiological signs of pneumoconiosis (cases with increased lung markings were also excluded), but among whom there was considerable variation in the amount of dust exposure. Length of service on rock-breaking jobs provided the index of dust exposure on which the men were selected.
An annual examination (clinical and radiological) at the Pneumoconiosis Bureau, Johannesburg, is compulsory for all working miners, for all retired miners who wish to retain the right to mine, and all men in receipt of partial compensation for dust disease until such time as they are in receipt of maximum compensation. From the Bureau records of men examined between December, 1955, and May, 1956 , a list was compiled of all men between 41 and 45 years of age whose chest radiographs were considered normal. These cases were then sorted according to the record of rock-breaking service, and 45 men were selected at random from those available. The radiographs were read independently by three observers; only those agreed as normal by all three were accepted, and they were then checked against the reading of the man's previous radiograph. Thirty-four men were finally tested (Table IA) , none of whom had mixed service, i.e., their mining experience was restricted to goldmining. A more accurate estimate of the dust exposure of each man was attempted using information provided by Mr. R. S. J. du Toit, of the Government Mining Engineer's Office, which has published records of konimeter counts in all scheduled mines since 1931. It was calculated in "particle-hours", the product of the hours of a man's underground service and average konimeter count* in scheduled mines for the particular years of his service. A careful clinical history was taken in each case with emphasis on respiratory symptoms and details of smoking habits. A man was considered a smoker if he had smoked regularly for one year; the number of cigarettes was noted in tens, e.g., one to 10 noted as 10, 11 to 20 as 20. One ounce of pipe tobacco per week was considered equal to four cigarettes a day (Doll and Hill, 1950) . Dyspnoea was graded on the scale suggested by Fletcher (1952) . A full clinical examination was carried out on each subject by one of us. In addition the records of previous annual examinations at the Pneumoconiosis Bureau were reviewed to note the number of occasions on which rhonchi had been reported. The Lung function tests were carried out using the methods previously described by Becklake and others (1958) . Measurements of lung volume, maximum voluntary ventilation (M.V.V.), compliance, and non-elastic resistance were made with the subject seated. Lung volume subdivisions, M.V.V., and the ventilation volumes were expressed at B.T.P.S. Age was recorded to the nearest year, height with the subject in socks, weight with light clothing.
Results
In Table 2 the physical characteristics of the individuals studied are shown, and in Tables 3 and 4 the results of the physiological tests are presented. In order to check the validity of the sample, the results obtained in the present series are compared with those obtained in this laboratory previously on a similar group of miners between 41 and 50 years of age (Zwi and Becklake, 1958 The data were next examined to see if it could be shown that either grade of dyspnoea (a subjective measure of pulmonary performance) or any physiological tests (measuring function objectively) showed a relationship with estimated dust exposure.
It will be seen in Table 5 The results were examined from the point of view of the grade of dyspnoea to see whether those miners with breathlessness had any common factor to suggest the cause of their complaint. From noted that, although these correlations are statis-examination was higher (four out of seven) in the tically significant, they are not high. Further, the group with grade 3 dyspnoea than in the group with number of men in whom rhonchi had been found no complaint of dyspnoea (three out of 15), as was on five or more occasions at the annual routine the incidence of cough and sputum (Tables 6 and 7) .
DUST EXPOSURE AND The grade of dyspnoea was not significantly related to smoking whether compared alone or combined with dust exposure (the multiple correlation coefficients were 0-297 against smoking plus rock-breaking shifts, and 0 303 against smoking plus particle-hours). Smoking alone did not correlate significantly with lung function tests in this series (Table 5 ), but the smokers had a lower M.V.V. and M.M.F. than the non-smokers (including exsmokers, all of whom had not smoked for 10 or more years). The mean M.V.V. and M.M.F. of the eight non-smokers was 157 1./min. and 3-58 1./sec. respectively, whereas that of the 26 smokers was 142 1./min. and 3 09 1./sec. These results are similar to those of Higgins (1959) , but unlike this author we found no differences in the incidence of bronchitic chest illness, cough, sputum, and wheezing in smokers and non-smokers. However, rhon)hi were not recorded in any of the latter, but in six of the former group.
Discussion
In this study of Rand miners without radiological signs of silicosis, no correlation could be demonstrated between degree of breathlessness or physiological tests on the one hand and estimated dust exposure on the other. In so far as the degree of silicosis has been shown to relate to dust exposure in Rand gold-miners (Hatch, 1955; du Toit, 1958) On the other hand, these test results would not be inconsistent with the presence of chronic bronchitis as the likely cause of symptoms, a possibility which is suggested by the high incidence of cough and sputum in the more dyspnoeic subjects and the frequent detection of rhonchi at annual clinical examinations (Table 7) .
Conclusions should be drawn from these observations with caution. The series tested has been small and only 75 % of the men sampled were investigated. However, there is strong support for the validity of the sample in that the results agreed well with the previous series studied. It cannot be deduced that the absence of correlation between dust exposure and subjective and objective estimates of pulmonary disability is conclusive evidence that dust exposure is not the cause of the disability in the men studied. It is not impossible that the very fact of a miner being able to continue rock breaking over long periods means he is physically very fit and that selection of men with longer rock-breaking service is thus also selection of the fitter subjects. Thus the miners with longest service might initially have had "super-normal" test values compared with which their present values might in fact represent deterioration of function. The negative correlation between ventilation on standard effort and degree of exposure would be consistent with this view.
Neither can it be concluded that the absence of correlation of dyspnoea with estimated dust exposure excludes other mining stresses such as exposure to fumes, or changes in temperature, humidity, and barometric pressure as possible aetiological factors. These factors, if important aetiologically, might result in a correlation between disability and total underground service, a possibility which could not be tested in this study due to the nature of selection of subjects, all of whom had similar periods of total service.
However, if these reservations are borne in mind, this study suggests, as an hypothesis worthy of further testing, that in Rand gold-miners with no radiological evidence of silicosis, disability when present may be the result of chronic bronchitis rather than of early silicosis or psychological factors. Whether such bronchitis is attributable to mining or might have developed in the same individuals had they been otherwise employed, remains to be ascertained. In Britain a relationship between bronchitis and smoking has been demonstrated (Oswald and Medvei, 1955; Higgins, 1959) Worth, Valentin, Gasthaus, Hoffmann, and Venrath (1955) could find no acute disturbance of respiratory function in 30 coal-miners in the lower Rhine region, after seven and a half hours of underground work in a dusty atmosphere, either clinically, spirographically, or by blood analysis. Our findings support these reports in that they are consistent with the presence of bronchitis as a cause of symptoms in the miner who is free of radiological silicosis, but symptoms do not appear to relate to the degree of dust exposure. However, it is probably not valid to make direct comparison of our results on Rand gold-miners with the results of studies on British and Rhineland coal-miners, since dust concentrations in the latter areas are higher, the size distribution of the dust is coarser, and the mineral composition is different. Also other occupational stresses of mining differ in various countries. These factors are probably of importance in explaining the differences between the studies already referred to and a number of others in the literature which stress the association of dust and bronchitis diagnosed clinically (Dautrebande, 1952, quoted by Higgins and others, 1956) and the acute depressant effects on lung function in normal subjects which follow the inhalation of dust (Dautrebande, Alfrod, Highman, Downing, and Weaver, 1948; DuBois, Alcala, and Dautrebande, 1958 It is important also to stress that in studies in which dust exposure is assessed retrospectively over many years, the inherent inaccuracies place a severe limit on the validity of the conclusions. To provide a clear-cut answer to the effect of dust exposure on pulmonary function, prospective studies are required in which dust exposure is accurately recorded and pulmonary function is assessed at regular time intervals.
